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The title ion-pair complex, (C25H2oCIFP)2[Ni(C2N2S3)2], was 
obtained by the direct reaction of (4-F,2-CIBzTPP)* Br" 
[4-F,2-ClBzTPP'^ is (2-chloro-4-fluorobenzyI)triphenyIphos- 
phonium], NiCl2-6H20 and Na2tdas (tdas^^ is 1,2,5-thia- 
diazole-3,4-dithiolate) in methanol. The asymmetric unit of 
the title structure comprises one (4-F,2-ClBzTPP)^ cation and 
half of an [Ni(tdas)2]^^ complex anion, with the Ni'' ion 
situated on a center of symmetry, leading to a slightly distorted 
square -planar coordination of the latter. In the cation, the 
tetrahedral angles around the P atom are nearly undistorted. 
In the crystal, the cations and anions are linked by C— H- ■ -S, 
C-H- ■ N and C-H- ■ CI hydrogen bonds. 

Related literature 

For background to complexes containing the [Ni(maleo- 
nitriledithiolate)2]^^ anion, see: Chen et al. (2010); Hou et al. 
(2008); Ni et al. (2005); Ren et al. (2002); Robertson & Cronin 

(2002) ; Xie et al. (2002); Zhou et al. (2011). For details of other 
square -planar Ni(l,2,5-thiadiazole-3,4-dithiolate)2 complexes, 
see: Awaga et al. (1994); Yamochi et al. (2001); Okuno et al. 

(2003) ; Ni et al. (2004); Zuo et al. (2009). 
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Experimental 

Crystal data 

(C25H2oClFP)2[Ni(C2N2S3)2 

M,= 1166.81 
Triclinic, PI 
a = 9.4447 (11) A 
b = 12.1385 (15) A 
c = 13.1309 (16) A 



a = 71.447 (1)° 
P = 83.601 (2)° 
y = 68.691 (2)° 
V = 1329.6 (3) a' 
Z = 1 

Mo Ka radiation 



fj. = 0.81 mm ' 
r = 291 K 

Data collection 

Brulcer SMART CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS: Bruiser, 2004) 
r„i„ = 0.861, r„„„ = 0.916 

Refinement 

R[F^ > 2a{F^)] = 0.042 

wR{F^) = 0.118 

S = 1.00 

4652 reflections 



0.19 X 0.15 X 0.11 mm 



9694 measured reflections 
4652 independent reflections 
3807 reflections with / > 2cr(/) 
Ri„, = 0.033 



322 parameters 

H-atom parameters constrained 
Ap„ax = 0.54 e A"' 
APmm = -0.39 e A"' 



Table 1 

Selected geometric parameters (A, °). 

Nil-Sl 



2.1842 (9) Nil-S2 



Sl'-Nil-S2 86.82 (3) 

Symmetry code: (i) —x + 1, —y + 1, —z. 



Table 2 

Hydrogen-bond geometry (A, °). 



Sl-Nil-S2 



2.1966 (9) 
93.18 (3) 



D-H-A 




D-H 


H - .4 


D-A 


D-H-A 


C9-H9A- ■ 


■Si" 


0.97 


2.71 


3.635 (4) 


160 


C9-H9B-- 


■Cll 


0.97 


2.66 


3.129 (4) 


110 


C24-H24- 


■N2'" 


0.93 


2.61 


3.401 (7) 


143 



Symmetry codes: (ii) x, y, z -f 1; (iii) .y -f- 1, y, z. 

Data collection: SMART (Bruker, 2004); cell refinement: SAINT 
(Bruker, 2004); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL. 

The authors thank the Department of Education of Hubei 
Province (grant No. D20082705) for financial support. 



Supplementary data and figures for this paper are available from ttie 
lUCr electronic archives (Reference: WM2587). 
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Bis[(2-chloro-4-fluorobenzyl)tnphenylphosphonium] bis(l,2,5-thiadiazole-3,4- 
dithiolato)nickelate(ll) 

Zhou-Hua Zeng and Shui-Bin Yang 

Comment 

Transition metal complexes of bis(l,2-ditholene) and derivatives thereof have been extensively studied due to their 
potential applications in molecular materials showing superconducting, magnetic or optical properties (Robertson & 
Cronin, 2002; Ni et ai, 2005; Ren et al, 2002). In recent years, much attention has been paid to the study of ion-pair 
complexes containing the [Ni(mnt)2]°" (mnt is maleonitriledithiolate, n is 1 or 2) anion that possesses spin bistability with 
potential appUcation as a molecular switch, in data storage or in displays (Chen et al, 2010; Hou et al, 2008; Xie et al, 
2002; Zhou et al, 2011), while there is only few information available on complexes containing the [M(tdas)2]°' (tdas is 
l,2,5-thiadiazole-3,4-dithiolate, n is 1 or 2; Mis a transition metal) anion (Awaga et al, 1994; Yamochi et al, 2001; 
Okuno et al, 2003). Substantial efforts have been devoted for finding more suitable counter cations to tune the stacking 
in the crystal structures containing [M(tdas)2]''" anions and also to obtain materials with interesting properties (Ni et al, 
2004; Zuo et al, 2009). Substituted benzyl triphenylphosphonium as a cation has been proved to be suitable for this 
purpose. In this article we report on the preparation and crystal structure of the new ion-pair complex, [4-F,2- 
ClBzTPP]2[Ni(tdas)2] (I). 

The molecular structure of (I) is shown in Fig. 1. There are one (2-chloro-4-fluorobenzyl)triphenylphosphonium and 
half of an [Ni(tdas)2]^" anion in the asymmetric imit of (I). The nickel(II) ion of the complex [Ni(tdas)2]^" anion is situated 

on a center of symmetry within a slightly distorted square-planar coordination. The Nil — SI and Nil — S2 bond lengths 
are 2.1842 (9) A and 2.1966 (9) A, and the SI— Nil— S2 bond angle within the five-membered metalla ring is 93.18 (3)°, 
similar to those observed for other structures with an [Ni(tdas)2]^ anion (Okuno et al, 2003; Zuo et al, 2009). In the 
cation, the deviations of the F and CI atoms from the C3 — C8 benzene ring are 0.082 (2)A and -0.029 (2) A, respectively. 

C — H—S, C — H— N and C — ^H— CI hydrogen bonds between the anion and cation consolidate the crystal packing (Fig. 
2, Table 2). 

Experimental 

The title ion-pair complex was prepared by the direct reaction of 1 :2:2 mol equiv. of NiCl2 6H2O, Na2tdas and (2- 
chloro-4-fluorobenzyl)triphenylphosphonium bromide m methanol. A brown product was obtained and purified through 
recrystallization fl-om a mixed solution of methanol and water (yield: 86%). Brown block-sheped single crystals suitable 
for X-ray analysis were obtained by slow evaporation of the solvent at room temperature within 3 weeks. 

Refinement 

All H-atoms were positioned geometrically and refined using a riding model with d(C — ^H) = 0.93 A, C'iso=1.2i7eq (C) for 
aromatic and 0.97 A, Uisa = \.2Ua^ (C) for CH2 atoms. 
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Computing details 

Data collection: SMART {Braker, 2004); cell refinement: SAINT (Braker, 2004); data reduction: SAINT (Bmker, 2004); 
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008). 




Figure 1 

The molecular structure of (I), with atom labels and atoms displayed with displacement ellipsoids at the 30% probability 
level for all non-H atoms. The non-labelled atoms are generated by the mversion symmetry operation: -x+ \,-y+ \,-z. 




Figure 2 

The crystal packmg of (I), viewed approximately down the a axis, showing the network of molecules connected by non- 
classical hydrogen bonds (dashed lines). 
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Bis[(2-chloro-4-fluorobenzyl)triphenylphosphonium] bis(1,2,5-thiadiazole-3,4-dithiolato)nickelate(ll) 



Crystal data 

(C25H2oClFP)2[Ni(C2N2S3)2] 

Af,= 1166.81 
Triclinic, PI 
Hall symbol: -P 1 
a = 9.4447 (11) A 
ft = 12.1385 (15) A 
c= 13.1309 (16) A 
a = 71.447(1)° 
A =83.601 (2)° 
y = 68.691 (2)° 
1329.6 (3) A3 

Data collection 

Bmker SMART CCD 

dil&actometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 

(p and CO scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2004) 



Z= 1 

F(000) = 598 

1.457 Mgm-3 
Mo Ka radiation, 1 = 0.71073 A 
Cell parameters from 3884 reflections 
(9=2.3-26.0° 
/I = 0.81 mm"' 
r=291 K 
Block, brown 
0.19 X 0.15 X 0.11 mm 



9694 measured reflections 
4652 independent reflections 
3807 reflections with / > 2(j{T) 
i?in, = 0.033 



= 0.861,7;. 



= 0.916 



0imx - 25.0°, t 
A = -11^10 
A: = -14^14 
/ = -15^15 



1.6° 



Refinement 

Refinement on 

Least-squares matrix: full 

R[F^ > 2ff(7^)] = 0.042 

wi?(i^) = 0.118 

S= 1.00 

4652 reflections 

322 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[cr=(F„2) + (0.0368P)2 + 1.988^] 

where P = (Fo2 + 2Fe2)/3 
(A/tj)^ < 0.001 
Apnmx = 0.54 e A-3 
Ap™„ = -0.39eA-3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account mdividually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of against ALL reflections. The weighted -factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of > ct(F^) is used 
only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refmement. i?-factors based on F^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 



y 



II */u 

^iso ' ^ec 



Nil 
SI 
S2 
S3 



0.5000 
0.58693 (12) 
0.42586(13) 
0.49400 (15) 



0.5000 
0.34739 (9) 
0.38755 (9) 
0.04337 (10) 



0.0000 
-0.07028 (7) 
0.14777 (8) 
0.12386 (9) 



0.03811 (17) 
0.0552 (3) 
0.0618(3) 
0.0728 (3) 
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0.050 (2) 


-0.0155 (17) 


0.0012(16) 


-0.0157 (17) 


C4 




0.058 (2) 


0.079 (3) 


0.052 (2) 


-0.019 (2) 


-0.0064 (18) 


-0.022 (2) 


C5 




0.063 (3) 


0.081 (3) 


0.077 (3) 


-0.029 (2) 


-0.010 (2) 


-0.036 (3) 


C6 




0.066 (3) 


0.067 (3) 


0.083 (3) 


-0.037 (2) 


-0.003 (2) 


-0.021 (2) 


C7 




0.050 (2) 


0.061 (2) 


0.054 (2) 


-0.0263 (18) 


0.0026 (17) 


-0.0123 (18) 


C8 




0.0367 (17) 


0.0486(19) 0.0444(18) 


-0.0121 (15) 


0.0041 (14) 


-0.0168(15) 


C9 




0.0443 (19) 


0.050 (2) 


0.0436 (18) 


-0.0154(16) 


0.0045 (15) 


-0.0182 (16) 


CIO 




0.059 (2) 


0.069 (3) 


0.044 (2) 


-0.024 (2) 


0.0023 (17) 


-0.0088 (18) 


Cll 




0.083 (3) 


0.078 (3) 


0.052 (2) 


-0.040 (3) 


-0.002 (2) 


0.006 (2) 


C12 




0.098 (4) 


0.063 (3) 


0.068 (3) 


-0.037 (3) 


-0.025 (3) 


0.011 (2) 


C13 




0.075 (3) 


0.056 (3) 


0.073 (3) 


-0.013 (2) 


-0.019 (2) 


-0.010 (2) 


C14 




0.053 (2) 


0.054 (2) 


0.056 (2) 


-0.0165 (18) 


-0.0012 (17) 


-0.0143 (18) 


C15 




0.0471 (19) 


0.052 (2) 


0.0387 (17) 


-0.0216 (16) 


-0.0003 (15) 


-0.0098 (15) 


C16 




0.059 (2) 


0.064 (2) 


0.060 (2) 


-0.022 (2) 


0.0012(18) 


-0.029 (2) 


C17 




0.083 (3) 


0.083 (3) 


0.077 (3) 


-0.032 (3) 


-0.001 (2) 


-0.041 (3) 


C18 




0.094 (4) 


0.091 (3) 


0.068 (3) 


-0.050 (3) 


-0.013 (3) 


-0.025 (3) 


C19 




0.066 (3) 


0.088 (3) 


0.081 (3) 


-0.029 (3) 


-0.018 (2) 


-0.027 (3) 


C20 




0.054 (2) 


0.074 (3) 


0.074 (3) 


-0.015 (2) 


-0.012 (2) 


-0.027 (2) 


C21 




0.052 (2) 


0.052 (2) 


0.0408 (18) 


-0.0230 (17) 


-0.0022 (15) 


-0.0108 (15) 


C22 




0.060 (2) 


0.051 (2) 


0.058 (2) 


-0.0253 (19) 


0.0099 (18) 


-0.0135 (18) 


C23 




0.072 (3) 


0.073 (3) 


0.068 (3) 


-0.038 (2) 


0.025 (2) 


-0.011 (2) 


C24 




0.075 (3) 


0.085 (3) 


0.055 (2) 


-0.020 (3) 


0.029 (2) 


-0.016 (2) 


C25 




0.071 (3) 


0.072 (3) 


0.053 (2) 


-0.016 (2) 


0.013 (2) 


-0.030 (2) 


C26 




0.054 (2) 


0.057 (2) 


0.048 (2) 


-0.0209 (18) 


0.0103 (16) 


-0.0185 (17) 


C27 




0.0429 (18) 


0.0435 (19) 0.0437 (18) 


-0.0155 (15) 


0.0081 (14) 


-0.0132 (15) 


Geometric parameters (A, °) 


Nil- 


-SP 




2.1842 (9) 


CIO— HIO 




0.9300 


Nil- 


-SI 




2.1842 (9) 


Cll— C12 




1.379 (7) 


Nil- 


-S2' 




2.1966 (9) 


Cll— Hll 




0.9300 


Nil- 


-S2 




2.1966 (9) 


C12— C13 




1.371 (7) 
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51— Cl 

52— C2 

53— N2 
S3— Nl 
Cll— C3 
Fl— C5 
Nl— Cl 
N2— C2 
PI— C27 
PI— C21 
PI— C15 
PI— C9 
Cl— C2 
C3— C8 
C3— C4 
C4— C5 
C4— H4 
C5— C6 
C6— C7 
C6— H6 
C7— C8 
C7— H7 
C8— C9 
C9— H9A 
C9— H9B 
CIO— Cll 
CIO— C15 



1.736 (4) 

1.737 (4) 
1.644(3) 
1.655 (3) 
1.752 (4) 
1.361 (5) 
1.300(4) 
1.324 (5) 

1.798 (3) 

1.799 (3) 
1.802 (4) 
1.816(3) 
1.427 (5) 

1.393 (5) 

1.394 (5) 
1.361 (6) 
0.9300 
1.368 (6) 
1.375 (5) 
0.9300 
1.401 (5) 
0.9300 
1.503 (5) 
0.9700 
0.9700 
1.371 (6) 

1.395 (5) 



C12— H12 
C13— C14 
C13— H13 
C14— C15 
C14— H14 
C16— C21 
C16— C17 
C16— H16 
C17— C18 
C17— H17 
C18— C19 
C18— H18 
C19— C20 
C19— H19 
C20— C21 
C20— H20 
C22— C27 
C22— C23 
C22— H22 
C23— C24 
C23— H23 
C24— C25 
C24— H24 
C25— C26 
C25— H25 
C26— C27 
C26— H26 



0.9300 
1.381 (6) 
0.9300 
1.386 (5) 
0.9300 
1.373 (5) 
1.384 (5) 
0.9300 
1.376 (7) 
0.9300 
1.370 (7) 
0.9300 
1.368 (6) 
0.9300 
1.394 (5) 
0.9300 

1.379 (5) 

1.380 (6) 
0.9300 
1.349 (6) 
0.9300 
1.391 (6) 
0.9300 
1.388 (5) 
0.9300 
1.400 (5) 
0.9300 



SP— Nil— SI 
SI'— Nil— S2' 
SI— Nil— S2' 
SI'— Nil— S2 
SI— Nil— S2 
S2'— Nil— S2 
Cl— SI— Nil 
C2— S2— Nil 
N2— S3— Nl 
Cl— Nl— S3 
C2— N2— S3 
C27— PI— C21 
C27— PI— C15 
C21— PI— C15 
C27— PI— C9 
C21— PI— C9 
C15— PI— C9 
Nl— Cl— C2 
Nl— Cl— SI 
C2— Cl— SI 
N2— C2— Cl 



180.00(4) 

93.18 (3) 
86.82 (3) 
86.82 (3) 
93.18(3) 

180.00 (8) 
103.26(11) 
102.65 (12) 
98.37 (16) 
106.9 (3) 
106.6 (3) 
109.46 (16) 
109.54(16) 
109.54 (16) 
108.25 (16) 
109.81 (16) 
110.22(16) 
114.5 (3) 
125.5 (3) 

120.1 (3) 
113.6(3) 



CIO— Cll— HI 1 
C12— Cll— Hll 
C13— C12— Cll 
C13— C12— H12 
Cll— C12— H12 
C12— C13— C14 
C12— C13— H13 
C14— C13— H13 
C13— C14— C15 
C13— C14— H14 
C15— C14— H14 
C14— C15— CIO 
C14— C15— PI 
CIO— C15— PI 
C21— C16— C17 
C21— C16— H16 
C17— C16— H16 
C18— C17— C16 
C18— C17— H17 
C16— C17— H17 
C19— C18— C17 



119.8 

119.8 

120.3 (4) 

119.9 

119.9 

120.3 (4) 

119.8 

119.8 

119.4(4) 

120.3 

120.3 

120.0 (3) 

120.6 (3) 

119.2 (3) 

119.6(4) 

120.2 

120.2 

119.8(4) 

120.1 

120.1 

120.9 (4) 
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Nz — Cz — bZ 


125.7 (3) 




/^1A /^10 TT10 

C 1 9 — C 1 8 — H 1 0 




1 1 A 

119.6 


CI — C2 — S2 


120.7 (3) 




C17 — C18 — ^H18 




119.6 


C8 — C3 — C4 


1 1 O //I \ 

121.8 (4) 




C20 — C19 — CI 8 




119.5 (4) 


C8 — C3 — Cll 


121.3 (3) 




/~^'^A 1 A TT1 A 

C20 — CI 9 — ^H19 




1 '^A 

12U.2 


C4 — C3 — LU 


1 16.0 (3) 




o /~^iA TT1A 

C 1 8 — C 1 9 — H 1 9 




1 OA T 

120.2 


C5 — C4 — C3 


117.8 (4) 




C 1 9 — Cz 0 — Cz 1 




1 'I A T / /I \ 

120.3 (4) 


/"'C A TTA 

L5 — C4 — H4 


121.1 




C19 — CzO — HzU 




1 1 A O 

119.8 


C3 — C4 — H4 


121.1 




C2 1 — C20 — H20 




119.8 


1" 1 — C5 — L4 


117.8 (4) 




C 1 6 — Cz 1 — CzO 




1 1 A O /AX 

119.8 (4) 


1 1 — C5 — Co 


119.0 (4) 




Clo — Czl — PI 




122.2 (3) 


C4 — C5 — Co 


123.2 (4) 




C20 — C21 — PI 




1 1 T A 

117.9 (3) 


C5 — C6 — C7 


118.1 (4) 




C27 — C22 — C23 




1 1 A O / yl \ 

119.8 (4) 


/^c r^£i njiC 
— Co — ^Ho 


120. 9 




r^'^n r^oo "Lm 
C2 / — CZZ — rill 




1 OA 1 

120.1 


f~^'n /"^/T TTzr 

C7 — Co — H6 


1 '^A A 

120.9 




C23 — C22 — H22 




1 OA 1 

120.1 


Co — C7 — C8 


122.0 (4) 




C24 — C23 — C22 




1 O A A / A\ 

120.9 (4) 


/"^ZT /"^T TTT 

Co — C7 — H7 


linn 

119. U 




C24 — C23 — Hz 3 




1 1 A 

119.6 


/~^0 /"^T TTT 

C8 — C7 — H7 


119.0 




/^Tl /^T? TTT) 

C22 — C23 — H23 




119.6 


/~iO /"IT 

C3 — C8 — C7 


116.9 (3) 




C23 — C24 — C25 




1 OA T / A\ 

120.7 (4) 


/"^o /"'o /~^r\ 

C3 — C8 — C9 


122.8 (3) 




C23 — C24 — H24 




119.7 


/~^o f~^c\ 

kJi — C8 — C9 


120.2 (3) 




C25 — C24 — Hz4 




1 1 A T 

119.7 


C8 — C9 — PI 


112.3 (2) 




C2o — C25 — C24 




1 1 A A //I \ 

119.4 (4) 


r^o r^(\ TTrt A 

C8 — C9 — H9A 


1 AA ^ 

109.2 




/~^'^c jy^c 

C2o — C25 — H25 




1 OA T 

120.3 


PI — C9 — H9A 


109.2 




C24 — C25 — H25 




120.3 


C8 — C9 — H9B 


109.2 




t~^^c r~^'~\/' f^^^ 

C25 — C26 — C27 




1 1 A A / A\ 

119.4 (4) 




1 no 9 




^")'^ C0(\ Yilfi 




1 on ^ 

iZU. J 


H9A— C9— H9B 


107.9 




C27— C26— H26 




120.3 


Cll— CIO— C15 


119.5 (4) 




C22— C27— C26 




119.8(3) 


Cll— CIO— HIO 


120.3 




C22— C27— PI 




120.8 (3) 


C15— CIO— HID 


120.3 




C26— C27— PI 




119.2 (3) 


/-iin /"^lO 
UlU — Cll — Clz 


1 OA A iA\ 

lzU.4 (4J 










Symmetry code: (i) -rf 1, -z. 












Hydrogen-bond geometry (A, ) 












D—n-A 




Z)— H 


YL-A 


D-A 


D—H-A 


C9— H9^-SP 




0.97 


2.71 


3.635 (4) 


160 


C9— H9fl"Cll 




0.97 


2.66 


3.129(4) 


110 


C24— H24-N2"' 




0.93 


2.61 


3.401 (7) 


143 



Symmetry codes: (n)x,y,z+\; {m)x+\,y,z. 
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